The nuclear oestrogen receptor population in the rat uterus contained an unoccupied receptor component that bound oestradiol with the high affinity (Kd-0.5nM) characteristic of oestrogen receptors. This unoccupied receptor was present at all phases of the oestrous cycle. Its content changed in parallel with that of the total nuclear receptor during the cycle. Oestradiol administration to the immature rat resulted in increases in the uterine content of long-term nuclear receptors (i.e., those still present 8 h after administration); these increases were due to occupied oestrogen receptors, since the content of unoccupied receptor was unchanged. Our previous experiments [White & Lim (1980) Biochem. J. 190, have shown in contrast, that oestradiol administration results in an increase in the content of unoccupied nuclear receptor in the hypothalamus. However, as in the uterus, similar cyclic changes in the content of unoccupied nuclear receptor occurred in parallel with those of the total nuclear receptor population in the hypothalamus. Differences and similarities between the unoccupied nuclear receptor of the uterus and hypothalamus are briefly discussed.
administration results in an increase in the content of unoccupied nuclear receptor in the hypothalamus. However, as in the uterus, similar cyclic changes in the content of unoccupied nuclear receptor occurred in parallel with those of the total nuclear receptor population in the hypothalamus. Differences and similarities between the unoccupied nuclear receptor of the uterus and hypothalamus are briefly discussed.
It is widely accepted that the presence of oestrogen receptors in the nucleus of cells of target tissues is the result of translocation of cytosol oestrogen-receptor complexes (King & Mainwaring, 1974; Buller & O'Malley, 1976) . In keeping with this view, the content of nuclear oestrogen receptors in the rat uterus increases on oestradiol stimulation and at the pro-oestrus phase of the oestrous cycle, when circulating oestrogen concentrations are maximal (Clark et al., 1973) . We have reported similar findings for the rat hypothalamus (White et al., 1978) . The nuclear receptor population has been shown to possess an unoccupied receptor component in human mammary tumours Panko & McLeod, 1978) as well as in normal human endometrium (Levy et al., 1980) . Unoccupied receptors have been reported to constitute a large proportion of the nuclear receptor population in hen liver, an oestrogenic tissue (Mester & Baulieu, 1972) .
We have reported the presence of unoccupied nuclear receptors in the rat hypothalamus (White & Lim, 1978 . We now show that unoccupied nuclear receptors are present in substantial amounts in the rat uterus as well as the hypothalamus, and that changes in the content of these receptors occur during the oestrous cycle that parallel changes in the total nuclear receptor content in both tissues previously reported (White et al., 1978) .
Experimental Materials
Female Wistar rats were obtained from Charles River (U.K.), Margate, Kent, U.K., or were bred in our laboratories from animals from the M.R.C. Animal Breeding Unit, Carshalton, Surrey, U.K. Where required, oestradiol (1.25 or 2.5,ug) was administered intraperitoneally in 50% (v/v) ethanol in saline (0.9% NaCl). [2,4,6,7(n) -3H]Oestradiol-1 7, (80-1 IOCi/mmol) was from The Radiochemical Centre, Amersham, Bucks., U.K.
Preparation and assay ofreceptor in adult rats
Rats (60-65 days' old) were decapitated, and uteri and 'hypothalamic block' were removed and homogenized in lOmM-Tris/HCl buffer (pH 7.4)/ cerol (TEGD buffer); cytosol and nuclear fractions were prepared as described by White et al. (1978) .
(a) Assay of cytosol oestrogen receptor. Samples of cytosol were incubated with 5 nM-3Hloestradiol for 2h at 40C in the presence or in the absence of excess (1UM) of diethylstilboestrol; 0.2ml samples were then assayed for specific high-affinity macromolecular [3Hloestradiol binding by exclusion chromatography on Sephadex LH-20 as previously described (White et al., 1978) .
(b) Assay of nuclear total and 'unoccupied' receptor content. Uterus. Crude nuclear pellets from uteri of adult rats were washed with four 25 ml volumes of ice-cold TEGD buffer; samples of a resuspension (in 10 times the original wet weight of tissue) were either (1) incubated at 40C (unoccupied receptor) Levy et al., 1980) Hypothalamus. The crude nuclear pellets were washed, resuspended, divided into samples and incubated with 1vIloestradiol as in (b) (1) above, then washed with two 5 ml volumes of TEGD buffer and extracted with 2 vol. of 1 M-KCI/TEGD buffer for 40 min, after which the specific macromolecularbound 13Hloestradiol was determined by using . This procedure greatly decreased the background non-specific radioactivity, which had caused considerable problems in assays with the nuclear pellet. We found that 90% of the estimated receptor in the nuclear pellet appeared in the KCI extract, as previously reported (Roy & McEwen, 1977; White, 1978) .
Preparation and assay ofreceptor in immature rats A procedure identical with that for adults was followed, except that uteri from 29-day-old rats were homogenized in buffer composed of 10mM-Tris/HCI (pH 7.4)/i mM-CaCl2/0.25 M-sucrose (TSC buffer) by using ten up-and-down strokes of a Teflon/glass Potter-Elvehjem homogenizer. The same buffer was used throughout. Nuclear receptor was assayed as in section (b) (1) above; the first postincubation wash contained 1% (w/v) bovine serum albumin to minimize non-specific [3Hloestradiol binding.
Results
Changes in nuclear oestrogen receptor content in the uterus during the oestrous cycle Fig. 1(a) shows the changes in content of total and of 'unoccupied' nuclear high-affinity oestrogen receptor during the oestrous cycle. Total nuclear receptor was maximal during late dioestrus and pro-oestrus, falling 5-fold to low values during oestrus and metoestrus. This pattern is similar to that given in our previous report (White et al., 1978) , and corresponds closely to known changes in oestrogen secretion by the ovary during the oestrous cycle (Yoshinaga et al., 1969) . The 'unoccupied' nuclear receptor showed essentially the same pattern of change during the cycle. Table 1 shows the results of Scatchard (1949) from the pooled uteri of eight to ten rats in the same phase of the oestrous cycle. All four phases were monitored in this way. Details are given in the Experimental section. The possibility that the labelling of nuclear receptor at 40C was due to exchange was also examined. Crude nuclei were incubated for 2h at 40C with radioactive oestradiol (5 nM) in the presence or in the absence of diethylstilboestrol. Free steroid was removed by centrifugation and two washes with TEGD buffer. The specific radioactivity in these nuclei was then determined after periods of up to 4 h at 40C. There was no significant change in receptor content (results not shown), indicating that dissociation of oestradiol from receptor was minimal at this temperature. It is therefore unlikely that the unoccupied sites measured in the nuclear preparations were the result of dissociation of oestradiol from the occupied sites.
Extraction of receptor from the nuclear pellet with 0.4M-KCl-containing buffer (final concn.) and subsequent incubation with PH]oestradiol at 40C (Fig. Vol. 194 lb) showed that KCl extracted 25-60Yo (average about 40%) of the total receptor under these conditions (in other experiments in this laboratory on immature, cycling and oestradiol-injected rats, these conditions have given a consistent average extraction of about 40%). Unoccupied receptors were also present in the extract. Both 'occupied' and 'unoccupied' receptor as well as total receptor followed the same pattern of change during the oestrous cycle as that observed for unextracted nuclei.
Binding To establish that cyclic changes in the unoccupied nuclear receptor contributed to those of the total nuclear receptor repeated measurements were made of the nuclear oestrogen receptor extracted by 0.4M-KCI. The results in Table 3 show that cyclic changes in the content of unoccupied nuclear receptor occurred in parallel with those of the total nuclear receptor content.
Changes in uterine 'long-term' receptor after oestradiol administration
At 8 h after injection of immature female rats with 1.25 ug of oestradiol, total nuclear oestrogen receptor was about 2-fold higher than in age-and weightmatched control rats (Fig. 2) . Uterine wet weight also showed a similar increase. The increase in Table 3 . Changes in total and 'unoccupied' nuclear oestrogen receptor content in uterus during the oestrous cycle
The cyclic changes in unoccupied and total nuclear receptor content were expressed as previously described by White et al. (1978 Changes in nuclear oestrogen receptor content in the hypothalamus during the oestrous cycle The changes in total KCl-extractable nuclear oestrogen receptor during the cycle were essentially as previously reported in whole nuclei (White et al., 1978) , increasing during late dioestrus to a peak during pro-oestrus (Fig. 3) . 'Unoccupied' receptor showed a similar pattern. The specificity of ligand binding, the affinity for oestrogen as well as the proportion of 'unoccupied' receptors present in these nuclear preparations, have been shown to be identical with those of 'unoccupied' receptors present in purified nuclei (White & Lim, 1980) . 
Discussion
The results reports in the present paper indicate that, in the normal adult female rat, unoccupied nuclear high-affinity oestrogen receptors are present throughout the oestrous cycle. The content of these receptors changed in parallel with that of the total oestrogen receptor in these as well as other target tissues (Thrower & Lim, 1980) . This behaviour was in sharp contrast with that of unoccupied cytosol receptors, the content of which are either unchanged, as in the uterus, or are depleted at pro-oestrus, as in the hypothalamus (White et al., 1978) . Our experiments on purified nuclear preparations (reported here and in White & Lim, 1980) , as well as those of Carlson & Gorski (1980) (1980) , at least in human uterine tissues. There are, however, intriguing observations with regard to measurements of unoccupied and occupied nuclear receptor content. We have noted, that at certain phases other than pro-oestrus, the content of unoccupied receptors assayed at 40C was in fact higher than the sum total of unoccupied plus occupied receptors assayed at 370C (see, e.g., Fig.  3 ). This apparent discrepancy could be explained by a preferential and rapid destruction of unoccupied receptors during incubation at 370 C. Such a loss has in fact been observed by Carlson & Gorski (1980) , who reported that incubation of unoccupied nuclear receptors at 370C, even in the presence of 1.3nM-oestradiol, led to their rapid destruction such that by 30min only approx. 60% of unoccupied receptors (measured originally at 40C) were detected. These results would imply that the measurement of total nuclear content by using assay procedures at 370C would lead to an underestimation owing to selective loss of unoccupied sites.
Are these unoccupied nuclear receptors oestrogenically active? In the hypothalamus evidence from this laboratory has linked the unoccupied nuclear receptor population to the oestrogenic stimulus (White & Lim, 1978 ; the present data on the oestrous-cycle changes in hypothalamus are consistent with the possibility that once the active nuclear form of the receptor is established both occupied and unoccupied receptor may be oestrogenic.
In uterus our evidence from the oestrous-cycle study is equivocal: occupied, unoccupied and total receptor all increased during the period of oestrogenic activity, i.e. at pro-oestrus. We therefore examined the 'long-term' nuclear receptor (i.e., receptor still present 8 h later) in immature rats after oestradiol administration (Fig. 2) . White & Lim (1978 have shown that, in the hypothalamus at 6 h after injection of oestradiol, occupied nuclear receptor was barely increased, whereas unoccupied nuclear receptor had increased 3-fold. (Neonatally 'androgenized' females with defective hypothalamic responses to oestradiol did not show this increase.) A similar observation in uterus would constitute strong evidence that the unoccupied receptors in this tissue were oestrogenically active. Our results, however, did not give this pattern. The increase in uterine wet weight 8 h after oestradiol administration corresponded to an increase only in occupied nuclear receptor; unoccupied receptor was unchanged. Although this implies that the occupied receptor population alone was responsible for the response, we cannot rule out that the unoccupied receptor may be contributing to the basal degree of stimulation. The role, if any, of 'unoccupied' oestrogen receptors in the nucleus and their relevance to nuclear 'processing' of the oestrogen receptor remains unresolved.
